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1.  Intxoductlon 

I  ahould  ilka  to  atari  by  axplaining  that  I  aa  inadaquataly  praparad 
for  a  diacuaaion  of  the  topic  of  diaparaal.  I  think  ahat  happened  ia  Uiat 
OTor  the  laat  year  or  ao  I  expraaaad  an  opinion  to  ahoavar  aaa  ailling  to 
liatan  to  ma  that  diaparaal  ia  an  Important  and  urgent  problaa,  and  aa  a 
raault  of  thaaa  repeated  proaptinga  I  hara  bean  aaaignad  the  leak  of  intro¬ 
ducing  that  problaa.  I  have  no  knowledge  of  the  technology  of  boaibing,  and 
of  other  factora  relevant  to  the  allocation  of  raaourcaa  aa  between  offanaa 
and  defense.  Hence  I  can  deal  only  with  thoae  efficiency  aapecta  of  the 
diaparaal  problen  that  I  feel  I  can  aay  acaiething  uaeful  about. 

The  purpoae  of  diaperaal,  I  take  it,  ia  to  diainiah  the  damage  that 
can  be  Inflicted  by  an  aoeny  through  a  given  application  of  raaourcaa  to 
hia  attack.  Frr  ary  given  geographical  diatribution  of  population  and 
industry,  Uiat  daaage  consists  of  two  pai^a.  One  is  the  actual  destruction 
caused  by  enesy  attack,  Including  the  loss  of  production  that  results  froB 
the  falling  out  of  productive  capacities  arKi  population.  The  other  is  the 
aaount  of  defensive  facilities  ar.d  resources  that  vs  put  into  action  or 
hold  in  readiness  in  order  to  diainiah  the  first  coaponent  of  daaage.  I 
aa  assisiing  tnat  we  have  already  optimally  allocated  available  military 

•  Vork  under  contract  between  the  Cowles  Comaission  and  the  HAND 
Corporation.  I  am  indebted  to  A.  P.  Larner  and  to  J.  Uarschak  for  valuable 
comaents  on  the  subject-«atter  and  presentation  of  this  paper. 
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•trengUi  as  between  offense  and  defense,  and  as  between  the  defense  of  the 
▼arioua  congloaerations  of  Industry  and  population  ehich  are  exposed.  I 
aa  therefore  counting  as  total  damage  inflicted  Uie  sum  of  actual  damage  and 
the  withdrawal-from-other-usea  of  resources  allocated  to  defense,  at  the 
optlaiB  ISTel  decided  by  ourselTes.  The  diminution  of  this  damage  to  be 
expected  from  a  giren  dispersal  plan  must  be  balanced  against  the  transition 
cost  of  dispersal  (including  production  foregone  shile  moving)  and  the 
decrease  or  increase  in  productive  efficiency  resulting  from  that  dispersal. 

There  is,  of  course,  the  question  in  how  far  an  emeny  is  informed  about 
the  actual  locational  distribution,  and  about  the  relative  importance  of  the 
various  productive  facilities  for  our  ability  to  wage  war.  To  the  extent 
that  there  la  mleinfonnatlon  on  either  of  those  two  counts,  we  need  not 
disperse  ae  much  as  we  otherwise  would  need,  ffs  can  put  more  eggs  in  one 
basket  if  the  enemy  doesn't  know  ahere  the  basket  is.  But  I  shall  assme 
Uiat  we  cannot  count  on  such  aisinfonaation,  i  '  only  because  I  iiave  no  idea 
i^at  we  would  have  to  assume  otherwise.  I  shall  therefore  assume  tnat  the 
t/pe  of  information  involved  cannot  be  withheld  froei  an  enemy  and  hence  ttiat 
we  have  to  seek  as  much  protection  in  dispersal  as  is  justified  by  balancing 
the  benefits  from  such  protection  against  the  coats. 

2 .  On  the  Measurement  of  tlxposure. 

In  attempting  to  diminish  the  damage  Uiat  can  be  inflicted  by  an  ens^y 
through  s  given  spplicstion  of  resources,  it  is  clear  that  the  place  where 
these  offensive  resources  are  applied  is  the  choice  of  that  eneiay.  fe  must 
therefore  determine  that  damage  as  a  function  of  the  location  at  which  the 
enemy  aims,  given  the  geographical  layout  of  productive  facilities  and 
activities  as  it  is,  and  given  the  allocation  of  defensive  resources  to 
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Turlous  ftTMS  or  locatlona  ve  have  aad*.  f«  n««d  to  find  •  unit  or  aMiaur* 

In  ahlch  to  azpross,  as  a  function  of  location,  tha  azpoaura  that  would 
raault  froa  a  unit  of  anaay  offansira  raaoumaa  baing  appliad  to  a  giran 
location  or  araa.  Varioua  naaauraa  hawa  baan  usad;  ona  ia  population, 
anothar  ia  valua  added  according  to  tha  canaua  of  a  giTan  yaar.  Tha  corra- 
lationa  batwaan  thaaa  and  otnar  naaauraa  hara  baan  datarainad  for  a  larga 
collactlon  of  localitiaa,  and  tha  corralations  wera,  on  tha  whola,  high. 
krj  of  thaaa  naasuras  nay  tharafora  ba  a  good  firat  approziaation,  but  thara 
ara  atiLl  doubts  as  to  now  good.  For  instanoa,  tha  aonay  valua  addad  in 
paaca  tiaa  nay  nava  littla  ralationship  to  tha  dagraa  of  aasantiality  that 
attacrts  to  a  cartain  productiva  facility  in  a  war  aconoay. 

It  would  saaa  that  a  sacond  approziaation  oan  ba  obtainad  with  tha  usa 
of  what  has  coaa  to  ba  eallad  actirlty  analyais,  proTidad  this  activity 
analysis  ba  axtaoded  to  oovar  dynanio  situations.  I  should  li^a  to  alaborata 
briafly  on  this,  azplaining  at  tha  saaa  tiaa  that  I  an  aainly  concarnad  with 
oonoapta.  than  it  coaaa  to  collecting  data  and  making  eoaputations,  oca- 
proaiaaa  will  hava  to  ba  aada;  but  wa  oan  i ntalligantly  aaka  thaaa  coaproaisas 
only  if  **  hava  firat  obtainad  clarity  about  tha  conoapta.  I  aa  confining 
PT’  .alf  to  that  aspact  cf  tha  problea. 

Tha  basic  postulatss  of  tha  linear  fon  of  activity  analysis  that  has 
bean  davalopad  involve  two  claaaas  of  alanantst  coaaodities  and  activities. 

An  activity  can  ba  ai^  industrial  process  or  any  other  action  whereby  cartain 
coamoditias  ara  used  up  and  cartain  other  coaaodities  ara  produced,  and  each 
activity  ia  ctiaractarisad  by  tha  ratioa  in  which  the  various  coaaoditiaa  ara 
usad  up  and  produced.  It  is  further  assuaad  U.at  each  activity  can  ba 
given  any  non-ragative  laval,  anJ  that  tha  varioua  outputs  and  inputs  ara 
proportional  to  the  cnoaan  laval  of  the  activity.  Thara  is  thus  a  matriz 
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of  input-output  coofficionta*  eaoh  coluan  roproaenting  an  actlTlty«  each 
rov  raforrlng  to  a  ooBaodit/.  This  Batriz  roprasants  the  taohnology  of  the 
country.  Thera  is  fuzdhar  a  ractor  of  actirity  loTals.  Finally,  wa  can 
conaidar  that  aoaa  of  the  caaaoditlaa  are  aval  labia  aa  baaic  raao<jrcaa  coBlng 
to  ua  ftOB  nature,  aueh  aa  water  power,  alnerala,  arable  land,  labor,  and  so 
on.  Llalta  are  placed  by  nature  and  population  on  the  nazlavai  aaounta 
available  of  theae  priaary  reaouroea. 

The  problcB  of  efficienoy  now  ia  to  detenaine  what  coabinationa  of 
aotiwitiaa  (weotora  of  aetiwity  larela)  are  efficient,  aa  distinct  frea 
other  coabinationa  that  involTO  an  elaaent  of  waste.  Ihenerer  you  hawe  a 
ocabinatiOQ  of  actiwities  suon  that  the  output  of  one  ccaaodity  cannot  be 
increased,  within  the  llaits  on  priaary  resources,  except  by  changes  in 
aotiTity  lewela  that  siaultaneously  decrease  the  output  of  another  coasodity, 
then  we  say  that  efficienoy  has  been  aohiered.  In  general  there  will  be 
infinitely  aany  efficient  coabinationa  of  actirities,  but  there  will  be 
"still  acre*  insfficient  coabinationa. 

The  aain  result  of  this  analysis*  that  I  want  to  uae  is  that,  whenever 
such  an  efficient  coahination  of  activities  exists,  we  find  associated  with 
it  a  set  of  prices  or  valuations  on  the  coaModities  involved,  with  the 
following  aeaningt  If  instead  of  this  particular  efficient  coabination  of 
activities  you  want  a  neighboring  one  which  produces  aore  of  just  one  given 
ocaaodity  and  less  of  just  one  other  coaBodity,  then  a  coaparison  of  the 
two  "efficiaesy  prices”  in  question  tells  you  in  which  ratio  you  are  exchanging 
one  ooaaodity  against  another.  This  is  a  technological  valuation!  it  is 

*  Activity  Analysis  of  Prod^ti<»  and  Allocation,  Cowlss  Coanission 
Monograph  l5,  in  p^  .ieular  Qbapter  ill,  "Analysis  o^  Production  as  an 
Efficient  Co^ination  of  Activities,"  by  T.  C.  Koopaans. 
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indapcndant  of  a  aarkat»  and  thia  is  laportant  with  respect  to  the  war-tiM 
situation  I  as  speaking  of.  In  a  war-tiae  situation  we  are  likely  to  hawe 
price  control.  The  eoney  prices  of  goods  and  serrices  are  then  determined 
■ostlT  with  a  Tiew  to  their  effect  on  the  incoaie  distribution,  and  thereby 
on  Borale  and  unity  of  purpose.  k»  a  result  the  aoney  prices  of  ccaaodities 
hawe  no  longer  a  definite  relation  to  the  Intrinsic  ralue  of  each  ooaaodity 
to  the  war  effox*t,  or,  putting  it  another  way,  to  the  damage  that  would  be 
sustained  by  the  reaoTal  of  one  unit  of  that  coasodity  from  the  econoaiy. 

Itie  efficiency  prices  Just  referred  to  proride  such  an  intrinsic  valuation. 

On  the  other  hand,  in  the  atsence  of  price  control  of  monopolistic  policies 
of  firms  or  goverment,  competitive  aarkets  will  give  rise  to  aoney  prices 
that  are  equal  to  the  efficiency  prices,  and  profit  seeking  deoisionsin 
response  to  these  prices  will  lead  to  efficient  use  of  resources.* 

I  believe  that  this  notion  of  efficiency  prices  can  be  duly  extended  to 
capital  facilities,  and  to  production  programs  that  change  over  tlae.  (In 
this  case  the  capital  equipment  of  the  country  at  the  beginning  of  the 
planning  period  aust  be  included  with  the  priaary  resources  referred  to 
above.)  Under  the  assvaption  that  this  extension  of  the  concept  of  efficiency 
prices  is  possible,  the  maerloal  evaluation  of  all  the  efficiency  prices  of 
the  various  amounts  and  typ«a  of  coital  equipaent  that  are  exposed  to  this 
risk  would  allow  us  to  compute  a  local  exposure  function.  This  is  a  function 

a 

of  locational  coordinates  that  tells  us  bow  such  damage  could  be  done  to  o\ir 
war  economy  by  the  application  of  one  unit  of  offensive  resources  to  that 
location  by  an  enemy.  Me  can  now  give  also  a  little  better  meaning  to  this 

•  To  be  precise,  this  statement  has  been  rigorously  proved  only  for  a 
state  of  static  equilibriua.  To  explore  its  extension  to  dynamic  situations, 
one  would  nave  to  specify,  inter  alia,  the  extent  to  which  individuals  or 
firms  receive  information  about  each  other's  plana,  through  aarkets  for 
future  delivery  or  otherwise. 


notioD  of  on*  unit  of  offuosiT*  resoux*cos  bj  an  eneay.  If  the  anaay  baa  to 
■aka  a  longor  trip  to  raach  one  location  ratbar  than  anotbar,  than  tha 
coapoaitlon  of  tha  buodla  of  raaourcas  ha  will  aaploy  may  ba  diffarant* 
possibly  aore  gasolina,  ralatiraly  fawar  airplanes  used,  but  more  airplanes 
lost,  and  so  on.  sa  now  assvaa  that,  by  a  similar  analysis  of  the  anamy 
aconoay,  coaaensurability  is  also  established  between  the  anamy' s  seTaral 
raaourcas. 

One  other  thing  I  aust  explain  is  that  ths  local  exposure  function  so 
defined  will  in  ga<taral  ba  applicable  only  for  relatively  saall  amounts  of 
destruction.  By  relatively  small  I  mean  aaall  in  relation  to  tha  total  pro¬ 
ductive  capacity  of  that  industry  in  the  country.  The  interpretation  of  tha 
efficiency  prices  that  I  have  mentioned  applies  to  aaall  variations  in  the 
eoi^inations  of  activities,  but  need  not  apply  to  large  variations. 

We  aust  also  take  account  of  the  efficiency  value  of  population,  of 
casualties.  We  are  on  very  uncertain  ground  here.  It  is  possible,  of  course, 
to  measure  the  potential  labor  contribution  that  is  lost  when  a  casualty 
occurs,  and  that  is  the  easier  part  of  the  allowance  to  be  made.  In  addition 
to  that,  there  is  the  value  of  human  life  for  its  own  sake,  and  the  effect 
on  morale  if  casualties  are  running  high,  both  of  which  I  would  not  know 
how  to  express.  Nevertheless,  somebody  should  face  up  to  placing  a  calcu¬ 
lated  value  on  the  preservation  of  life  and  limb.  Huaan  exposure  is  dsfinitely 
a  factor  of>varying  importance  in  different  locations,  and  we  canxx>t  help 
making  decisions  implying  such  valuations.  So  ee  should  make  these  valua¬ 
tions  explicit'. 

3*  On  Locational  Redistribution 

I  assume  then  that  we  have  a  function  of  location  wbioh  tells  us  what 
degree  of  exposure  is  found  in  any  given  location.  Let  us  reasaber  that  in 
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th«  reasoning  that  led  us  to  construct  this  function^  resources  allocated 
to  defense  were  already  assiaed  to  be  optlaally  distributed  OTsr  Tarious 
locations.  It  is  conceivable  that  as  a  result  of  this  the  local  exposure 
function  has  little  variation  left  in  it,  even  though  high  concentrations 
of  production  and  population  reasin.  This  would  be  the  case  if  so  auch 
defense  can  be  provided  for  these  concentrations  as  to  sake  thn  into  bastions 
no  more  attractive  to  eneety  attack  than  other  areas  with  much  lower  concen¬ 
tration  of  industry  and  population. 

Without  being  in  a  position  to  prejudge  the  issue,  I  shall  assuae  for 
the  sake  of  arguaent  that  not  enough  resources  are  available  for  defense, 
under  a  best  allocation  of  ailitary  strength  as  between  offense  and  defense, 
to  obtain  a  fairly  constant  local  exposure  function  without  dispersal.  It 
will  then  be  worthwhile  to  devote  resources  to  a  dispersal  ehich  reduces  the 
high  peaks  of  local  eacposure  aost  attractive  to  enaay  attack,  while  filling 
up  some  of  the  valleys  to  levels  of  exposure  at  which  attack  reaains  relatively 
unrewarding.  This  can  be  done  in  the  first  place  at  saall  oost  by  careful 
choice  of  location  of  new  plants.  With  respect  to  existing  plants  there  is 
an  active  and  a  passive  approach.  The  passive  approach  is  to  wait  for 
destruction  ehen  it  occurs  and  then  to  reconstruct  the  facilities  in  some 
other  location  iWiicb  is  less  exposed.  The  active  approach  is  to  move 
existing  plants  or  activities  to  less  exposed  locations. 

At  this  point  I  must  reiterate  that  I  do  not  have  the  knowledge  to 
assess  to  what  extent  this  active  version  of  the  second  eethod  is  worth  doing, 
though  I  believe  it  is.  In  ehat  follows  I  am  therefore  assuking  it  to  be 
found  that  the  iresult  of  such  active  relecation  is  worth  the  oost.  I  shall 
devote  the  remaining  remarks  to  the  question  of  ho*  to  do  it  most  efficiently. 
Before  taking  that  up,  let  me  say  a  few  sords  about  toe  question  of  'Jm 
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B08t  •fficl«nt  locBtional  distribution  of  industry  in  poaco  tiaa,  a  problaa 
alwiQrs  with  us.  If  we  were  to  look  at  that  as  a  problaa  to  be  solrad  by  an 
explicit  coaputation^  the  data  going  into  it  would  be  such  things  as  the 
awailability  of  land  and  other  natural  resourcea,  the  initial  capital  equip- 
aent  and  its  distribution  by  locations^  data  on  cliaate  and  huaan  preferences 
as  beUten  climates,  and  inf<^raation  about  the  technological  possibilities  of 
production,  also  as  affected  by  climate,  and,  in  paj^tioular,  the  technology 
of  transportation. 

Kowerer,  before  we  look  at  this  as  a  computation  problem,  let  us  ask 
ourselwes  whether,  in  this  area,  the  faith  of  economic  ilberaliaa  is  applicable. 
This  faith  is  that  indiwidual  profit-  or  welfare-seeking  decisions,  taken 
under  oonditions  of  perfect  competition  by  aany  private  entrepreneurs  and 
indirlduals,  bring  about  efficient  allocation  or  resources.  («e  have  alre^ij 
stated  that,  whenever  the  linear  aodel  of  activity  analysis  described  above 
is  applicable,  that  faith  has  been  buttressed  by  formal  aathematical  pzx>of.) 

I  believe,  however,  that  there  are  certain  reasons,  associated  particularly 
with  the  decisions  that  bring  about  the  locational  distribution  of  industry, 
for  doubting  that  the  normal  peace  time  pursuit  of  profit  does  effectively 
bring  about  an  optimal  geographical  distribution  of  industry.  One  of  those 
reasons  for  doubt  is  that  the  eeoncmist's  ideal  of  competition  has  failed  to 
penetrate  to  important  categories  of  decisions.  Kor  instance,  railway  rates 
do  not  at  present  reflect  efficiency  prices  of  transportation  servloes.  The 
point  is  quite  siaple,  and  can  be  illustrated  by  an  example  of  a  railroad 
connecting  two  terminals,  A  and  B.  If  a  cez^in  aaount  of  goods  has  to  be 
moved  daily  from  A  to  B  and  a  aaaller  aaount  from  B  to  A,  then  loaded  ears 
will  go  from  A  to  B,  and  both  loaded  and  empty  ears  will  go  from  B  to  A. 
iow  if  yon  add  a  trainload  to  the  daily  goods  traffic  from  A  to  B,  this 
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coBBita  you  to  run  that  additional  train  back  eapty  fVoa  B  to  A.  Tharefora 
the  actual  coat,  in  teraa  of  utilisation  of  equipaent  of  that  addition  to 
transportation  aerrices  rendered,  is  raprasented  by  the  tiae  the  train  has 
to  taka  for  that  whole  round  trip.  On  the  other  hand,  if  you  add  one  train- 
load  to  the  daily  aovement  of  goods  from  B  to  A,  the  only  extra  train-tine 
you  are  conaitting  is  ttie  tiae  necessary  to  put  the  goods  on  the  train  at  H 
and  again  to  take  then  off  at  A.  For  otheznrise  that  train  would  hare  bean 
returned  eapty  azyway.  So  to  get  a  best  locational  distribution  of  industry 
froB  indirlduaj.  decisions,  it  would  be  necessary  that  freight  rates  are  set 
UiSt  recognise  this  fact  and  express  actual  cost  incurred  by  UiO  railway 
systea  for  each  addition  to  transportation  services  rendered.  Such  "directional* 
efficiency  freight  rates  are  not  in  use.*  There  are  aistaken  ideas  of  fairness 
predoainant  in  the  official  approval  of  freight  rates,  and  these  have  prevented 
industry  froa  finding  its  best  locational  distribution.  In  particular  the 
effect  has  been  that  some  industry  has  rsaained  in  the  East  that  would  other¬ 
wise  have  moved  fxxrther  to  the  West  or  South. 

In  any  case,  adjustaients  to  the  locational  distribution  arising  froa 
individual  decisions  are  very  slow.  The  aoving  of  an  enterprise  is  a 
decision  that  a^iy  be  considered  once  in  30  years,  or  less  frequently.  More¬ 
over,  the  activations  are  partly  irrational,  iepending  on  the  ties  that  the 
deciding  individ'isls  have  in  an  area.  Finally,  the  probleas  in  question  are 
really  non-linear— the  question  of  optiaal  sise  of  cities  is  vary  closely 
connected  witli  the  question  of  indivisibilities.  A  Lnrger  city  may  be  a 

•See  "Optlaua  Utilisation  of  the  Transportation  system,"  Econoaetrloa, 

Vol.  17,  Suppleaent,  July  19U9  (Report  of  the  Aashington  Meeting  ot  the 
EcoDOBetric  Society  held  in  conjunction  with  the  International  Statistical 
Conferences,  Septeaber  6-16,  19Ti7),  pp.  136-li46,  by  T .  C.  Eoopaans. 

See  also  "A  Model  of  Transportation,”  by  T.  C.  Koopaaiis  and  S.  Reiter, 
in  Activity  ArBlyels  of  Production  and  Allocation,  Cowles  CobbIssIoo 
Monograph  13. 
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aoz^  •ffiel«nt  producing  unit  because  It  allovs  greater  spscialitation  of 
functions  between  firms  and  between  ixsllTlduals .  A  smaller  city  may  not  be 
able  to  support  even  one  of  these  specialised  types  of  firms,  or  its  firms 
cannot  reap  the  full  adTantages  of  internal  specialisation  and  mechanisation 
that  go  with  large-scale  production. 

Thus  there  is  a  tendency  toward  increasing  returns  to  scale  which  favors 
the  large  city.  An  opposing  tendency  arises  from  another  non-linear  relation 
ahip.  Consider  certain  activities  spread  out  in  a  city,  and  consider  next 
another  city  wnich  is  twice  the  size  (by  area  as  well  as  by  output),  but  is 
a  soale  modal  of  the  earlier  one  in  regard  to  the  location  and  amount  of 
activities.  Then  the  amount  of  transportation  Involved  between  the  producing 
sectors  of  the  city  has  been  multiplied  by  more  than  a  factor  2  because 
quantities  twice  as  large  are  to  be  handlwd  over  distances  enlarged  roughly 
in  the  ratio  y?  to  1.  The  presence  of  twc  non-linear  relationships  maices 
it  possible  for  there  tu  be  a  relative  optimum  in  the  allocation  of  resouz*ces 
considering  only  small  changes  in  the  distribution  of  industry,  which  is  not 
an  absolute  optimum  in  comparison  with  more  radically  changed  distributions, 
fe  can  no  longer  rely  on  what  in  linear  activity  analysis  has  been  an  im¬ 
portant  property  of  tha  nodal  of  technology— that  a  ralativa  optiavis  in  tha 
allocation  of  reaourees  ia  necessarily  an  absoluta  optimum.  Evan  if  tha 
obstaclaa  to  tha  formation  of  competitive  or  efficiency  prices  were  removed, 
the  economy  might  hover  near  tha  top  of  a  hill  in  ihm  landacape  of  affioiency 
without  the  poasibility  of  a  Jump  to  the  top  of  a  higher  mountain  being 
noticed. 

The  question  shcxild  be  considered  whether  we  have  enough  valid  analyaia 
to  oompute  at  least  a  batter  distribution  of  industry,  even  for  pesos  time 
purpoeee,  than  the  existing  ons.  I  belisvs  that  in  some  respects  we  can  pre¬ 
pare  improvements  in  the  reelien  of  such  oomputetions,  in  others  we  cannot 
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7*t.  Th*  effect  of  th*  freight  rates  not  reflecting  efficiency  prices  I 
think  is  a  setter  which  Is  open  to  correction  by  coaipubatlon.  That  is,  we 
can  construct  better  distributions  of  industry  if  we  take  into  account 
efficiency  freight  rates.  About  the  effects  of  th*  non-linear  relationships 
described  I  as  less  confident.  I  think  we  are  very  much  at  the  beginning  of 
increasing  our  understanding  of  these  complications  and  I  do  not  know  if  at 
sane  tine  we  shall  feel  confident  that  we  can  cover  this  aspect  computationally. 

However,  let  os  now  asstsae  that,  by  computation  and  by  dealing  with  aspects 
that  computation  can  grasp,  we  shall  be  able  to  improve  on  th*  existing  dis¬ 
tribution.  Then  we  shall  also  be  able  to  guide  a  relocation  that  is  designed 
to  brir^g  about  a  decrease  in  th*  peaks  of  the  local  exposure  function. 

Let  us  now  cone  back  to  th*  problem  of  finding  th*  best  relocation  plan 
meeting  that  objective.  It  night  be  thought  that,  more  precisely,  th* 
objective  of  such  a  relocation  plan  should  be  to  depress  all  high  peaks  of 
th*  local  exposure  function  to  son*  common  maximum  allowable  level.  This 
night  indeed  be  a  correct  formulation  of  th*  objective  if  th*  transition  cost 
of  removing  one  "unit  of  exposure"  were  th*  same  in  ail  peaks  of  th*  expos\ire 
function.  However,  there  is  no  reason  #iy  this  should  be  so.  Some  industries 
could  no  doubt  be  moved  more  cheaply  than  others.  Therefor*  it  may  be 
justified  to  depress  certain  peaks  nor*  than  others  because  it  takes  less 
resources  to  do  so.  One  guiding  objective  would  then  be  to  maximise  th* 
reduction  in  allover  ext^osur*  that  can  be  obtained  from  a  given  allocation 
of  reso'urces  to  meet  tne  transition  cost  of  dispersal.  Another  objective 
would  be  to  choose  such  new  locations  as  will  maximise  in*  productive  effici¬ 
ency  of  th*  resulting  geograpnical  distribution  of  industry.  Vher*  these 
objectives  conflict,  the  weight  to  be  given  to  each  will  depend  on  an  estimate 
of  th*  importance  of  making  savings  on  transition  cost  at  th*  expense  of 
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ultlaat*  produetiT*  •ffielanoy  (that,  is,  an  estiaat*  of  the  "real*  rat*  of 
intereat  that  «xpr*s8*s  th*  social  preference  for  present  0T*r  future  goods, 
a  preference  which  ia  likely  to  be  high  in  a  war  situation). 

By  what  aeans  or  eethods  can  these  objectiwes  be  pursued?  A  paaphlet 
of  the  National  Securities  Eecources  Board  called  "National  Security  factors 
in  Industrial  Location”  has  started  to  approach  th*  question  of  how  to  bring 
about  relocation  by  inflvaenoing  th*  decisions  of  indiridual  firas.  Thsiy  hare 
given  th*  entrepreneurs  soae  criteria,  such  as  thisi  Draw  a  circle  of  three 
wiles  or  five  wiles  around  yo*ir  plant.  If  within  that  elrol*  there  is  a  good 
deal  of  industry  that  appears  valuable  to  a  war  effort,  then  that  is  not  a 
good  location  and  you  should  wove  to  sow*  other  location.  Th*  best  that  can 
be  said  about  this  advice  is  that  it  is  Just  a  little  better  than  nothing. 

At  th*  saw*  tin*  it  is  woefully  inadequate.  The  we^hod  of  influencing  indi- 
vldwal  decisions  by  such  indirect  persuasion  is  too  slow  if  a  substantial 
relocation  is  indicated.  If  w*  need  a  fast  change  (and  by  fast  I  wean,  say, 
a  relocation  taking  ten  to  fifteen  years),  we  cannot  leave  it  to  individual 
decisione,  because  a  fire  that  should  want  to  wake  a  good  decision  doesn’t 
have  th*  inforwation  that  would  enable  it  to  do  so.  It  does  not  know  what 
th*  distribution  resulting  frcw  relocation  is  going  to  be  and  therefor* 
cannot  find  its  own  best  place  in  that  resulting  distribution.  It  follows 
that  sows  systewatic  ocwputation  effort  is  indispensable  if  we  decide  that 
w*  have  to  bring  about  a  relocation  in  a  relatively  short  period. 

A  sMthod  at  th*  opposite  extrew*  would  be  to  ecnput*  son*  waster  plan 
ai>d  Just  issue  instructions  to  at  least  a  substantial  nuwber  of  key  firws 
as  to  where  to  wove  their  establishwents.  I  see  great  difficulties  in  this 
wsthod  of  centralised  decision  waking.  Th*  ocaputation,  however  extensive, 
is  bound  to  be  very  iaperfect.  There  will  be  warqr  firws  that  will  feel 
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that  hardahlpa  ara  placed  upon  than  bacaua*  the  \g»ncy  arranging  tha  coa- 
putatioQ  haa  not  affactlTelj  considered  things  that  ara  very  iaportant  to 
tha  life  of  that  fira  or  enterprise.  So  I  wonder  if  a  aethod  of  sucoesslve 
approxlaations  is  feasible.  First  one  coaputes  a  aaster  plan  and  derives 
froa  that  a  tentative  relocation  identifying  new  locations  for  the  aost 
iaportant  flras,  the  firas  that  produce  aore  than  a  given  aaount,  say.  Then 
one  inforas  these  firas  about  the  resulting  distribution  accortling  to  the 
aaster  plan,  about  their  own  place  in  it,  and  about  the  distribution  of  their 
own  industry,  and  of  their  supplying  and  consuaing  industries.  Then  one 
seeks  soae  kind  of  approval  or  aaendaent  froa  the  individual  firas.  On  tha 
basis  of  ths  response  so  received,  a  recoaputation  of  the  aaster  plan  is 
aade,  and  so  on.  The  way  would  be  saoothad  further  by  setting  up  c^^lAin 
\ax  incentives  for  the  firas  to  aove.  The  wheels  would  have  to  be  oiled  by 
subsidies  if  and  where  neoessary.  And  tha  adainistration  of  such  a  plan 
'■  >uld  have  to  cut  across  local  authority. 

li.  Conclusion. 

There  is  no  doubt  that  dispersal  is  a  problaa  of  great  coaplexity.  If 

the  asstaptiona  of  this  discussion  are  correct,  it  is  at  the  same  tiae  a 
0 

problaa  of  great  urgency.  Aiile  it  has  been  discussed  here  primarily  in 
teras  of  efficiency  of  a  preparedness  or  war  effort,  an  oven  deeper  issue 
is  involved.  Failure  to  increase  our  protection  in  dispersal  aay  create  a 
conflict  between  the  high  value  we  place  on  tht  preservation  of  human  life 
as  an  end  in  itself  and  other  values,  such  as  individual  freedom  and  the 
deaocratic  decision  process,  which  we  stand  realy  to  defend  by  war  if 
necessary.  The  present  precarious  position  of  Western  European  countries 
illustrates  the  iapairaent  of  freedoa  of  action  that  aay  arise  from  a  rate 
of  local  SKposure  auch  higher  than  that  applying  at  present  to  the  Aaerican 
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eoDtlnent.  Preedoa  of  action  should  be  preserTred  in  the  aoet  important 
center  of  decision  in  the  deaocratic  eorld.  In  addition,  dispersal  reduces 
the  probability  of  war,  because  it  g*ve8  less  ground  to  the  assuaption  on 
the  part  of  an  eneey  that  a  wcr  can  be  won  (juickly.  Thn  question  of  dispersal 
siiould  therefore  be  taken  up  in  all  seriousness. 

There  is  a  definite  risk  that  we  shall  always  find  very  good  and  urgent 
reasons  for  not  yet  eebarkiig  on  euch  a  relocation,  such  as  that  the 
facilities  in  question  are  needed  isaediately  and  without  interruption. 

This  reasoning  is  cvsaulative  in  its  effect  and  nothing  may  be  undertaken 
which  is  sufficient  over  tlae  to  maintain  our  freedon  of  action.  k»  the 
developnent  of  weapons  and  methods  of  attack  goes  further,  we  aay  in  the  eoc 
then  find  ourselves  in  a  degree  of  exposure  where  we  would  not  have  wanted 
to  be  had  we  considered  this  question  systematically  from  the  beginning. 
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